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5 CMOS-TYPE PHOTODETECTOR 

Background Of The Tnvention 

1. Field of the Invention 

The present invention relates to the monolithic forming of image sensors intended 
to be used in shooting devices such as, for example, cameras, camcorders, digital 
microscopes, or digital photographic cameras. More specifically, the present invention 
relates to image sensors formed in CMOS technology. 
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2. Discussion of the Related Art 

An image sensor formed in CMOS technology generally includes a matrix of 
photodetectors arranged at the intersection of lines and columns. 

Fig. 1 schematically shows a first example of a CMOS-type photodetector. A 
photodiode D has its anode connected to a reference supply rail or circuit ground GND. 
The cathode of photodiode D is connected to a detection node SN. Two N-channel MOS 
transistors Tl and T2 have their drain connected to a high supply rail VDD. The source 
of transistor Tl and the gate of transistor T2 are connected to detection node SN. The 
gate of transistor Tl receives a precharge control signal PR. An N-channel MOS 
transistor T3 has its drain connected to the source of transistor T2. The source of 
transistor T3 is connected by a read terminal OUT to a read block not shown. The gate of 
transistor T3 receives a read control signal RD. 

Fig. 2 schematically shows a second example of a photodetector of CMOS type. 
In addition to the elements of the photodetector of Fig. 1, the photodetector of Fig. 2 
includes an N-channel MOS transistor T4. The cathode of photodiode D is connected to 
the source of transistor T4. The drain of transistor T4 is connected to detection node SN. 
The gate of transistor T4 receives a charge transfer control signal TR. The operation and 
the respective advantages of the photodetectors of Figs. 1 and 2, are known. 

Fig. 3 schematically shows a top view of the regions which form photodiode D 
and transistor T4 of Fig. 2. Photodiode D and transistor T4 are formed in a same active 
area of a lightly-doped P-type semiconductor substrate. The active area is delimited by an 
insulating area 2 which can be formed, for example, by means of a silicon oxide (Si0 2 ). 
An insulated gate structure 4 of predetermined width is formed across the active area. On 
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either side of gate 4, in the substrate surface, are N-type source and drain regions of 
transistor T4. The source region is formed in a much larger surface than the drain region 
This N-type source region also forms with the underlying P-type substrate the photodiode 
junction. The source region is covered with a heavily-doped P-type layer 7 in contact 
' with the substrate. Photodiode D then is of the so-called fully depleted type. On the top 
view of Fig. 3, drain region 6 can be seen on the right-hand side of gate 4 and heavily- 
doped P-type layer 7 can be seen on the left-hand side of gate 4. The. source region, 
designated hereafter by reference 5, is not visible in Fig. 3. 

Fig. 4 illustrates the voltage levels along axis B-B of the insulating area brought 
to substrate voltage 8, of source region 5 corresponding to the photodiode, of a channel 
area 10 located under gate 4, and of drain region 6, in different operating steps. 

In an initialization step, transistor Tl is turned on and drain 6 of transistor T4 is 
set to voltage VDD. The gate of transistor T4 is at a high voltage Vtrh and transistor T4 
is on. Channel area 10 is at a voltage WV T4 , where V T4 is the threshold voltage of 
transistor T4. The voltage across photodiode D reaches a so-called depletion quiescent 
level VD set by the characteristics of the photodiode. Region 5, forming the cathode of 
diode D, is at voltage VD. 

In a light-measurement or integration step, transistors Tl and T4 are off and drain 
6 of transistor T4 and the photodiode are isolated. Stray capacitances (not shown) 
connected to drain 6 maintain the voltage of drain 6 at VDD. Region 5 of photodiode D 
which forms a potential well, fills up (hatched area a) according to the photodiode' 
lighting. This period corresponds to the signal integration in the photodetector. 

In a step of reading of the light measured by the photodiode, transistor T4 is 
turned on (transistor Tl being maintained off). Channel area 10 is at voltage Vtoh -V T4 
The charges accumulated in region 5 then are transferred to region 6, the voltage of 
which varies (hatched area P ). The voltage variation of region 6 causes a modification of 
the conduction of transistor T2, which corresponds to the amount of transferred charges. 

The use of a photodiode D of fully depleted type enables, as known, eliminating 
the mitialization or precharge noise introduced by MOS transistor Tl . For the photodiode 
to be of fully depleted type, the doping profiles are chosen so that region 5, pinched 
between layer 7 and substrate 8, is depleted. In the absence of any radiation, region 5 
forming the photodiode cathode, is maintained at a depletion state voltage VD Voltage 


{ 


10 


S 1022/8776 , 

" J " 570394 

VD depends on the number of charges pushed out of N-type region 5 by the depletion of 
region 5. Voltage VD can be adjusted by the doping profiles of layer 7, of region 5 and 
of substrate 8. Voltage VD is chosen, as illustrated in Fig. 4, at a value smaller than 
voltage Vtrh-Vt4 of channel 10 of transistor T4 when transistor T4 is turned on, to 
enable full transfer of the charges from region 5 to drain 6. 

For photodiode D to properly operate, layer 7 and substrate 8 must be maintained 
at the same voltage, that is, there must exist a good contact between these regions. In the 
state of the art, layer 7 is for example in lateral contact with substrate 8, but the quality of 
such a lateral contact is linked to a minute adjustment of the manufacturing process, 
especially upon creation of region 5 and of layer 7. A modification of the manufacturing 
process causing a reduction in the surface area of layer 7 with respect to the surface of 
region 5 may damage, or even cause the disappearing of the contact between substrate 8 
and layer 7, and cause a malfunction of photodiode D. 
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Summary Of Th e Invention 

An object of the present invention is to provide a CMOS-type photodetector 
which is easy to form and which is robust with respect to possible manufacturing process 
modifications. 

To achieve this and other objects, the present invention provides a photodetector 
formed in an active area of a semiconductor substrate of a first conductivity type 
including a MOS transistor and a photodiode formed of the junction between the' 
substrate and a region of a second conductivity type also forming the source of the MOS 
transistor, a heavily-doped layer of the first conductivity type covering the source region 
and a portion of the substrate, said portion of the substrate being delimited by an opening 
of the source region extending in a centered manner from the side of the source region 
opposite to the channel region of the transistor, towards this channel region. 

According to an embodiment of the present invention, the opening of the source 
region is rectangular. 

According to an embodiment of the present invention, the opening of the source 
region has a width increasing from the inside towards the edge of the source region. 

According to an embodiment of the present invention, the first conductivity type 
is type P and the second conductivity type is type N, and the substrate and said layer are 
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maintained at a reference voltage of the circuit. 

According to an embodiment of the present invention, the thickness of the source 
region and the respective dopings of the source region and of said layer are such that the 
space charge area between the source region and said layer takes up the entire thickness 
» of the source region. 

The present invention also aims at a photodetector including a photodiode having 
its anode connected to a reference voltage, a transfer MOS transistor having its source 
connected to the cathode of the photodiode, a precharge MOS transistor having its source 
connected to the drain of the transfer MOS transistor and having its drain maintained at a 
supply voltage, a control MOS transistor having its drain maintained at the supply 
voltage and having its gate connected to the drain of the transfer MOS transistor, and a 
read MOS transistor having its drain connected to the source of the control MOS 
transistor, the photodiode and the transfer transistor respectively being a photodiode and 
a MOS transistor such as previously described. 

The present invention also aims at a photodetector including a photodiode having 
its anode connected to a reference voltage, a precharge MOS transistor having its source 
connected to the cathode of the photodiode and its drain maintained at a supply voltage, 
and a read means including a control MOS transistor having its gate connected to the' 
source of the precharge MOS transistor and a read MOS transistor connected in series 
with the control MOS transistor between the supply voltage and a read terminal, wherein 
the photodiode and the precharge transistor respectively are a photodiode and a MOS 
transistor such as previously described. 

The foregoing objects, features and advantages of the present invention will be 
dxscussed in detail in the following non-limiting description of specific embodiments in 
connection with the accompanying drawings. 

Brief Desc ription Of Th e Drawings 

Fig. 1, previously described, schematically shows a first CMOS-type 
photodetector; 

Fig. 2, previously described, schematically shows a second CMOS-type 
photodetector; 

Fig. 3 previously described, schematically shows a top view of photodiode D and 
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of transistor T4 of Fig. 2; 

Fig. 4, previously described, illustrates the voltage levels of different regions of 

Fig. 3; 

Fig. 5 schematically shows a top view of a photodiode and of a MOS transistor of 
a photodetector according to the present invention; 

Figs. 6A, 6B, 6C, and 6D schematically show cross-section views of the 
photodiode and of the MOS transistor of Fig. 5; 

Fig. 7 illustrates the voltage levels of different regions of the photodiode and of 
the transistor of Fig. 5; and 

Fig. 8 schematically shows a top view of a photodiode and of a MOS transistor of 
a photodetector according to an alternative of the present invention. 

Detailed Descrip tion 

The same elements have been designated with the same references in the different 
drawings. Only those elements which are necessary to the understanding of the present 
invention have been shown in the different drawings. Further, for readability reasons, the 
drawings showing the different semiconductor regions are not drawn to scale. 

Fig. 5 schematically shows a top view of the regions forming photodiode D and 
transistor T4 of a photodetector according to the present invention, of the same type as 
the photodetector of Fig. 2. Photodiode D and transistor T4 are formed in a same active 
area of a lightly-doped semiconductor substrate of a first conductivity type, for example, 
type P. This substrate for example corresponds to an epitaxial layer on a silicon wafer 
The active area, substantially rectangular, is delimited by a field insulation area 2, for 
example, silicon oxide (Si02). An insulated gate structure 4 of predetermined width is 
formed across the active area. On either side of gate 4, in the substrate surface, are N- 
type source and drain regions 5 and 6 of the MOS transistor. Source region 5 is formed 
on a much larger surface area than drain region 6 and forms with the underlying substrate 
the junction of photodiode D. A shallow P-type layer 7 more heavily doped (P + ) than the 
N region, takes up the entire surface area of the active area located on the left-hand side 
of gate 4 in Fig. 5. According to the present invention, region 5 has an opening 12 to 
create between substrate 8 and layer 7 a contact area having the shape of a centered 
narrow strip, perpendicular to gate 4. Opening 12 extends from the edge of field 
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insulation area 2 opposite to the gate without reaching gate 4. The contact introduced 
between substrate 8 and layer 7 through opening 12 is not likely to disappear due to a 
slight manufacturing process variation. The present invention thus enables providing a 
robust contact between substrate 8 and layer 7. 

Fig. 6A schematically shows a cross-section view along line A-A of Fig. 5, 
parallel to the gate of transistor T4 and sufficiently far from gate 4 to cut opening 12 of 
region 5. The active area of substrate 8, delimited to the left and to the right of the 
drawing by field insulation area 2, is covered with region 7. Region 5 extends under layer 
7, on either side of opening 12. 

Fig. 6B schematically shows a cross-section view along line B-B of Fig. 5, 
parallel to the gate of transistor T4 and sufficiently close to gate 4 to cut region 5 outside 
opening 12. The active area of the substrate 8, delimited to the left and to the right of the 
drawing by field insulation area 2, is covered with region 7. Region 5 extends under layer 
7. 

r 

Fig. 6C schematically shows a cross-section view along line C-C of Fig. 7, 
perpendicular to gate 4 of transistor T4 and not centered, to cut region 5 outside of 
opening 12. Layer 7 extends between field insulation area 2, on the left-hand side of the 
drawing, and channel region 10 located under gate 4 of transistor T. Region 5 extends 
under layer 7. Region 6, forming the transistor drain, extends towards the right of the 
drawing from channel area 10. 

Fig. 6D schematically shows a cross-section view along line D-D of Fig. 7, 
perpendicularly to gate 4 of transistor T4, centered to cut region 5 at the level of opening 
12. Opening 12 extends from field insulation area 2, on the left-hand side of the drawing, 
without reaching channel region 10. Region 5 extends between the bottom of opening 12 
and area 10. Region 6, forming the drain of the transistor, extends towards the right of 
the drawing from channel area 10. 

A photon which reaches a photodiode releases an electron-hole pair in area 5 or in 
substrate 8. Region 5 forming a potential well, the electrons thus released accumulate in 
region 5. The amount of electrons accumulated in a given period is proportional to the 
amount of light received during this period. When a photon reaches a photodiode 
according to the present invention at the level of opening 12, the electron formed is easily 
captured by region 5 located on one side or the other of opening 12. The centered 
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arrangement of opening 12 thus enables avoiding that an electron released at the level of 
opening 12 be captured by a device close to the photodiode. The electrons generated at 
the level of the contact area between the substrate and layer 7 of a photodiode thus have 
little chance of being captured by an adjacent photodiode, conversely to the case where 
the contact area is a region located at the periphery of source 5. This enables precise 
measurement of the light received by each photodiode by avoiding a diffusion 
phenomenon between adjacent points and is an additional advantage of the present 
invention. 

The depletion state voltage of the photodiode depends, as seen previously, on the 
total number of charges pushed out of N-type region 5 due to the presence of layer 7. The 
number of charges pushed out of region 5 of a photodiode D according to the present 
invention is smaller at the level of opening 12 than at the level of the rest of the diode. As 
a result, at the level of opening 12, photodiode D exhibits a depletion state voltage VD' 
smaller than its depletion state voltage VD in the rest of the diode. 

Fig. 7 illustrates the voltage levels of the different regions forming photodiode D 
and transistor T4 shown in Fig. 5 in different operating steps. The initialization, 
measurement, and read steps are the same as those described in relation with Fig. 4. 

In the read step, the difference of the values of voltages VD and VD' creates in 
region 5 an electric field E adapted to easing the charge transfer from region 5 to region 
6. This especially enables improving the operating speed and the precision of a 
photodetector according to the present invention, and is an additional advantage of the 
present invention. 

Fig. 8 schematically shows a top view of the regions forming the photodiode D 
and the transistor T4 of a photodetector according to an alternative of the present 
invention. According to this alternative, instead of including a strip-shaped opening 12 of 
constant width, region 5 includes an opening 14, the width of which increases by steps 
towards the edge of region 5 opposite to the channel region. This shape of opening 14 
causes the existence of a gradient of the voltage in depletion state, instead of the simple 
variation by steps illustrated in Fig. 7. This voltage gradient creates an electric field E 
particularly well adapted to a fast and total charge transfer between regions 5 and 6 in a 
step of reading of the light measured by the photodiode. 

Of course, the present invention is likely to have various alterations, 
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modifications, and improvements which will readily occur to those skilled in the art. In 
particular, those skilled in the art will know how to adjust the doping levels and types to 
the desired performances and to the materials used according to the constraints of a 
specific CMOS manufacturing technology. 

The present invention has been described in relation with a photodetector of the 
type shown in Fig. 2, but those skilled in the art can readily adapt the present invention to 
a photodetector of the type shown in Fig. 1, especially by substituting transistor Tl of 
Fig. 1 to transistor T4 of Fig. 2. Those skilled in the art will also readily adapt the present 
invention to other CMOS-type photodetector structures. 

The present invention has been described in relation with a diode D and a 
transistor T4 formed in a substantially rectangular active area, but those skilled in the art 
can readily adapt the present invention to an active area having a different shape. 

The present invention has been described in relation with a diode D and a 
transistor T4 formed in an active area of a semiconductor substrate, but those skilled in 
the art can readily adapt the present invention to a diode D and a transistor T4 formed in 
a P-type well of a semiconductor substrate. 

Such alterations, modifications, and improvements are intended to be part of this 
disclosure, and are intended to be within the spirit and the scope of the present invention. 
Accordingly, the foregoing description is by way of example only and is not intended to 
be limiting. The present invention is limited only as defined in the following claims and 
the equivalents thereto. 

What is claimed is: 


